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detection techniques· is-· to a great extent dependent on the -st-ate 
' . of ·the art· of programming such· algorithms. . Therefore., accompanying 
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GERT will. provide a foundation for· implementing the approach 
discussed' in the· preceding paragraph .. -The GERT network will· 
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· yield precisely the. information required to analyze· a circuit. -
The intent is to _develop ·a GERT technique that will quickl.y · 
.- · -: an~d--··e·asi·ly · model any logic circuit and pe.rfo~ii_i simulated . - ~ ·; 
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Microcirbuits consist of·.logidal gates and line connectives. 
The· <~iates are· comprised of various electronic elements such· as 
r~sist.ors, diodes, and transistoi:.-.. ~-- ~_:g.g __ wb._e.n ___ a.ey_eral gat.es- a-~,e------------------------- --·- --- -- ---- -- --·------------·-•·•"·····. -- -- ----· ~--· -···- ----- -- ---~ -----. -· ---- --- -
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--. a microcj.rcui t ~ . Howeve~_, for our purposes a logic gate can be 
· cqn,Sidered to be a "black box" apparatus and can be symbolically 
·represented . as such. 
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transport them to nod.es that· require such. a stimulus. ·~- (See 
Fig~re IX). The node has an output· line that returns to itself".· 
(with a delay,· in this case 1 of 1.0 units) to instigate the next 
- -~--c~9g_~ ____ irop_ylse. _ 'l'he ____ o_th.er_ou_~.pu.ts_· ___ ar-e-.... c.onne.cted- to------the nodes 
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___ - -_ _0J.1_tpu.ts the · clock node may have. 
''. The "·NAND 11 gate: 
The NA.ND ,gate takes the operation of ·an---~11AND 11 gate and -- · 
t:hen inverts -the output. ·. The output value of a 11 NAND 11 gate 
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-· the 11 NAND 11 gate has been modeled and it is shown in Figur_e XI. 
(The reason this model was chosen will become apparent when we 
discuss the modeling of the entire circuit.)_ It can be seen 
· that the clock has.been utilized in.this design. The node 
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model. The 11 EXCLUSIVE-OR11 gate has the distin·c-tive ·.characteristic. 
.. ·.":·-·· that · it will generate an output of l, -if one and only one of 
... ·,'" ·-· .. ·. its inputs has the val1.ie-· 1. . This characteristic is made clear 
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-- ~ --- --- -
.. by,truth table notation ·in·Figure_XVII. 
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represented by a ·simple -GERT node without any output branche·s. _· · 
·. An output node. will be· placed .at each. output. position in an ,, 
electronic network. (Figure. XX) . 
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. The GERTS II Simulator stops processing .a network when the 
. are sink· nodes and the required · number of· sink · nodes that must 
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..• be reali.zi:~cf to .stop. tlle-~pr-0,ram ,-,.are' predetermined "by~:·-l:ne··" . 
. progra.nuner. 
One sink node will be used in the modeling O·f electronic· 
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,ri,etworks. · The end noa·e will consist of two nodes; the first. 
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the. next: state is that state which the flip~flop .exhibits after· 
the inputs have propogated t.hrough the circu-i t-... Thµs, the 
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to generate -th-e~·st-at-e--o~--·at least until- the clock pulse ended. 
··Thus,· the state 0. a,ccompanied·.,the present set of ~nputs -
- (whatever they niay be) through the .eircuit, and the next st.ate, 
1, has been made ready for the. next set .. of inputs. 
,. 
--· ....... -... -.----~- - -- ..• _ .. ·- - - ·-· -- ... 
---··-·-- --- -------·---,-······ -- ··-------- --
. 
,,. 
Therefore, the essence of modeling flip-flops is to de·lay 
...... the progression of bhe next·state until the next clock impulse 
. . . ~ . arrives .. • This · is easi-ly ·accomplished_ due to the 11 timirig 1~ nature · 
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· released th.en the . output· will go to ---.. -y,r:--at a time equal to 1/2 _ · 
• 
-_··clock-from the present. The. scheduling of this 11 1 11 ou~put-will 
, 
-have no effect of the pres,ent inputs, but instead will accompany_ . 
. the ·next set of i~puts. -That. is, the 11 1 11 is -the next state of 
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to Figure XXIX1· if (l, 1) is recorded at. (A,· B), node N-J-4 
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·-· state. Likewise,. nodes with multiple· releases must -b~ 
., reset. · There can be· one-- reset _ for combinational elements 
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(E.3) Set flip-flops to d~sired ini:tial state • 
. ". 
. . Most of what is lis_i;.ed. can be accomplished by the· computer· 
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·. To·. demonstrate . this procedure;, three c.ircui ts have been 
.-,c~ , .. -. · modeled and their proper operation has been· modeled. · A test 1of 
the j-k fl.ip-flop is not found in the other trials . 
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first puls·er · sets the first flip-flop to-~·:-1. The next pulse will 
-
. 
shif~ this bit into flip-flop 2 and reset flip-flop. 1 to o .• 
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The activity-is obviously that-of a binary counter. 
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--The-_GERT model· of this cir.cuit ..... is .. --sh6wn-in-Figure.XXXI:- •. ----·''------------ -i 
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Due to the simplicity of the circuit, the timing error 
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.. ac~ivities have been deleted. 'l'h_e GERT network has been·-·-· _ _ 
- ---.,~,. -----· . --~---~--·-·--·-------. ,-· 
..,._ 
programmed and r-un •. _ The results match the -desired outcome. 
"-.:·· 
· See Appendix A. 
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A. counter --that -is used-: to st.or~e .r--elated·- bits of information · 
is·- known· as_ a r·egister ~. -If the info·rmation is serialized_ by its 
source, the counter can be called a- shift. register. 
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"The results are listed in-Appendix~ and are completely 
satisfactory. 
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Figure .XXXIV i~., the GERT model of a ·j--k flip~f-lop ,rilo~eled 
· · ··.with all combinations of inputs imposed. The emperical output 
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-in an· article . (5) ,· A. J •· Dachel developed a. clocked 
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operation··of a· properly operating circuit, .then impose faults 
-----various gates, and compare the results. ·That is, for each 
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GERT simulation •. However, to generate 
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fault detection separately. 
· ... , :: Combinat.ional. Circuits 
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··each input-fault combination can. be ·~considered separately_! _______ :_ __ ~---------:---·--·~-!<: 
·. the. cir·cuit-. The number of simulations (or tests') that ne~d 
be run i·s ·obvio'll:sly dependen~ upon the amount of . information 
. -
~ · · desired-~--~be_q:u.an_t_i_t_y __ · .oE_in.forcma-t.-io-n---d-ev-e-loped-by---the----pr-ograrn-~:----------;--~-----,------·-·------- · ..-~--- . . . 
. 
_: __ ·--·- ··---- ' . ' •.-'·-. 
can. range from a complete set to tna-t informati·on caused by 
. a few input-fau·1t combinations. -The faults· under consideration 
in most algorithms are of three,types: stuck-at-1, stuck~at-0, 
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simulated by modifying"the GERTactivity corresponding 
. :\ . the li-ne in -question.\\ For example, the "missing wirell .. _ · . . . \ .. \ 
•.·· .· fau~t can be simulated by-~ov'ing the GERT· activity 
·- · associated with the wire in t.\he network. . Th·e assumption-
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once for each possible fault. If there are \n-inputs and m 
n· possible faults, the·network must be simulated (m+l)2 • 
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· •· -c-. Obviously,. this is. the most inefficient and most cumbersome · 
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.· algorithm and .the programming techniqu·e. 
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by the program, and, in that way, expand its usefulness to. 
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- (d} "Flip-fl.op will not set".· , A ·flip-flop will. not set when 
.no matter what inputs it receives it remains in state O. · 
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when no matter what inputs it receives it remains in 
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-· . Fortran based program, .is -eas·ily modified.-·_ Th~,c:t-ask--i-s----~---~---~-~-~=:- -___ -:_·::~-------
(1) t-o adapt the ·input mechanism to assimulate data that will 
____ c ---------~'describe- an electronic circuit, .(2) redefine the· simulation _ 
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_ pr6c~dure to. inspect t:he _operation of the circuit, ,wi-t.h and 
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be adapted· for the wide clock, -but this \vOUld not cause extreme 
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-_-- SUMMARY AND CONCLUSIONS --- -~----;-- -
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. . 
·,·The ·primary in1;.·ent of this• research· was exploratory in 
... >. 
-
-
· nature. That is,_- the desire was ·to investigate the applicability ---
.. _ of GERT to the field of fault_ analysis of-microcircuits. The ·-...._ 
.. fulfillment -of this objec~ive became quickly apparent_ and the· 
. 
- . 
. 
. 
g_eneration of specific results conseqtiently _precipitated with_ 
each additional increment·- of inquiry. 
. .
. . 'I'h_is thesis demop.s-trated., that electronic logic circuits ______ ------~~·-·:-------I• . 
..c. . 
~· . ' 
·can be simulated, using a modified GERTS II Simulator. Thi·s 
-was accomplished wi:th _ the sequential completion of thre_e 
thresholds. 
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line has the value 11 0 11 • With this criterion- GERT :·could- be 
-·_ used to simulate electronic . circuits. 
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Second,_the. individual gat_es were-modeled. That is, GERT· 
models were constructed such that the Boolea.n function 
-. -in_q,;i.genous to each type of gate was properly r.epresented· -
. with regards to .. _th_~ ____ a~_§llog_y ____ de_t._ailed .in the iast paragraph .. - ' - __ ,; ___ ,,. --· -------------·---:- . 
··--
.. 
. -.--~,-. ·,- c.,--·of·course,-·at this stage, the analysis had to be sub-divided 
ac'cordin.g to the major classification of circuits,· 
combinational and sequential. However,· the procedures were -
basical_:I.y __ tb.e same for each. 
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as to . true ly . represent ... th·e- -Operation -0f ·-the~,·-ci-rc-uit-c-tffid-er -- --- ---- ... ___ - -- ----- -- . 
consideration.· The objective was amenably -- aided by the' previous · 
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__ - ._ . accomplishments. - That is, the GERT models developed for each -
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APPENDIX A -
Modulo u9u Counter 
-The-counter considered has three.toggle flip-flops. The 
\ -
circuit is shown inFigureXXX and the GE.RT·representation is 
in. Figure XXXI. . The counter operates in -the-manner described 
· in Figure. XXXVII • · The three o_utputs,, y1. , y , -y , are _ -2 3 _ · 
, 
· r~presented by GERT nodes 22, 23, 24 respectively. GERI' riode 
2 is the clOCk puls-e·. -
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The Simulator GERTS II used essentially the was same as 
listed I 1n reference 
. . - . (14"). The GASP subroutine has been modified 
as shown. Therefore, All used the same basic runs listing. 
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a copy,of 
thesis: the Modulo II 8 II Counter included . -in this was 
copies of the .other. 
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runs- -we.re- not i-ncluded. 
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' APPENDIX D - -· ·-~ ____ ,_ 
Large~Scale Circuit 
· The circuit developed by Dachel in - (5). was programmed. 
··This· circuit· is shown in Figure XXXV and its GERT representation 
is shown in Figure '2CXXVI. · The initial st~te _ of each· _flip-flop !7' 
. 0 
- 1.S _· • ·Th~ proper output ~i-s shown in Figure. XL. 
The results veri~y- the· va_l~dit.y -of th.~· model_._- -,Again, the 
time associated with the· resetting of combinational elements 
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